In our preceding paper, we described biological and physico-chemical characterization of a new phosphonic acid antibiotics, FR-9000981). The antibiotic has been identified chemically as 3-(N-acetyl-N-hydroxy)aminopropylphosphonic acid 2). Our screening system enabled us to isolate three new phosphonic acid antibiotics, which were distinct from, but resemble FR-900098. This paper describes fermentation and isolation procedures for FR-31564, FR-32863 and FR-33289 and characterizes them by their physico-chemical and biological properties .
Fermentation and Assay Studies
Taxonomic studies of the producing strains are described in the preceding paper3 Table 1 . Fermentation conditions were essentially the same as described previously1).
Presence of antibiotics in the culture broth was monitored by the use of disc-agar diffusion assay with a mutant of Pseudomonas aeruginosa, Ps-III or Enterobacter cloacae 10-19C as the assay organisms. The antibiotics were detected on chromatograms by bioautography on agar seeded with Ps-III.
Chromatographic properties are presented in Table 2 . The antibiotics may be visualized by spraying with ferric chloride solution; brown color develops on warming.
Isolation and purification procedures analogous to those mentioned in the preceding paper1) enabled us to separate the three active substances into purified samples.
Physico-chemical Properties
The The results are presented in Table 4 . Cross re- Fig. 1-a. IR spectrum of FR-31564 (nujol). LD50 value is larger than 5 g/kg when administered intravenously to mice (ICR, 2025 g).
Discussion
In the screening of antibiotics, the establishment of a method specifically detecting small amount of a particular substance is considered to be most important. In order to find inhibitors of cell wall synthesis, we have isolated a mutant of Pseudomonas aeruginosa supersensitive to nocardicin C, which has only weak antibacterial activity4). Using the mutant, we elaborated a screening system and discovered a new phosphonic acid antibiotic, FR-900098 as described in the preceding paper1). Further screening using the mutant revealed that new three phosphonic acid antibiotics were produced in fermentation broths of Streptomyces. The chemical structures of these antibiotics will be described in the following papers5). Before our finding of FR-31564 and FR-32863 in fermentation broth of Streptomyces lavendulae, chemists in our laboratories have already prepared a number of phosphonic acids structurally related to FR-9000982,6). The antibiotics were among the analogues that have been prepared in an attempt to synthesize biologically more active compounds than FR-900098. FR-31564 and FR-32863 are N-formyl analogue of FR-900098 and its dehydro congener.
FR-900098 has been determined as 3-(N-acetyl-Nhydroxy)aminopropylphosphonic acid2). It is surprising that N-formyl analogues have such stronger antibacterial activities than FR-900098 (Table 4) . The mutant Ps III is highly and specifically sensitive to /3-lactam antibiotics. It is interesting that the mutant is also supersensitive to fosfomycin (unpublished data), another phosphonic acid antibiotic7), which is distinct from our antibiotics in its chemical and biological properties.
Discovery of these phosphonic acid antibiotics as well as that of nocardicins8) proved the usefulness of the screening system with sensitive mutants. High resistant strain of Ps III to FR-900098.
